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GENERAL INTRODUCTION 
The importance of hormones in regulating animal metabolism and growth 
is usually judged by observing changes in plasma hormone concentration 
coincidental with changes in metabolism or growth pattern. This approach 
has been useful in describing the endocrinology of reproduction largely 
because of the dramatic changes in hormone concentration associated with 
reproductive physiology. The endocrine changes associated with changes in 
animal metabolism are small, however, necessitating an exact description of 
the animal's hormone status if the relationship between hormones and growth 
are to be understood. 
Conceptually the "hormonal status" of an animal is thought to depend on 
both the concentration of the hormone at the tissue level and the respon­
siveness or sensitivity of the tissue to the given hormone concentration. 
Presently the techniques of radioimmunoassay adequately measure circulating 
hormone concentrations, but tissue hormone sensitivity is less directly 
measurable. 
Tissue hormone sensitivity is determined by at least two separate 
events; the actual binding of hormone to a specific cell surface receptor 
and subsequent initiation of cellular events responsible for the ultimate 
hormone action. Of the two, hormone binding is technically easiest to 
measure in vitro. Thus, receptor binding has gained popularity as a measure 
of hormone sensitivity, realizing postreceptor events may also greatly affect 
hormone sensitivity. 
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Hormone binding is composed of two components: hormone affinity and 
receptor number. The product of these is proportional to the amount of 
hormone that will bind at a given hormone concentration. Thus, by knowing 
the binding characteristics of a tissue and the hormone concentration, an 
estimation of the amount of hormone bound can be made. This should relate 
to biological actions of the hormone, keeping in mind possible postreceptor 
modulation of sensitivity. 
Cattle growth and metabolism is thought to be influenced by hormones, 
particularly insulin and growth hormone. To date, only plasma hormone 
concentrations have been related to changes in growth. It appears that lean 
and rapid growth is associated with low insulin concentrations and high 
growth hormone concentrations. It is, however, unknown if these hormone 
changes result in changes in hormone action. A simultaneous measure of hor­
mone sensitivity must be made to properly evaluate the importance of the 
hormones in growth and metabolism—in this case, receptor binding. 
The studies presented here examine the physical aspects of insulin and 
growth hormone binding in various cattle tissues, as well as comparing 
binding in cattle of large and small frame sizes. These data should further 
the understanding of the actions of insulin and growth hormone on cattle 
growth. 
This dissertation consists of two journal papers as they.will be sub­
mitted for publication. The general introduction and general discussion 
serve to deal with concepts not covered in the paper. The Appendix contains 
detailed descriptions of methods used in hormone binding assays, as well as 
supplemental data not contained in the main body of the thesis. 
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SECTION I. INSULIN AND GROWTH HORMONE RECEPTORS IN CATTLE TISSUES: 
CHARACTERIZATION AND COMPARISON WITH RAT TISSUES 
Steven Nissen and Allen Trenkle 
Department of Animal Science, 
Iowa State University, 
Ames, Iowa 50011 
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ABSTRACT 
Binding of bovine insulin and bovine growth hormone 
(bGH) to mononuclear cells isolated from blood and plasma membranes 
isolated from liver, kidney and fat was characterized in cattle and rats. 
Insulin and bGH receptors from rats and cattle exhibited specificity and 
high affinity (Ka-j 5 to 10 x 10 ® and Kap 2 to 20 x 10 7 m"^). Bovine 
mononuclear cells had approximately 3,700 high affinity and 15,000 low 
affinity insulin receptors per cell. All bovine tissue membranes examined 
exhibited similar insulin binding characteristics, but maximum binding 
percentage was only 1/3 that of rat tissues. Rat liver and adipose tissue 
membranes bound similar amounts of insulin, while kidney bound only 1/10 
of that by liver and adipose tissue. bGH did not bind specifically to 
bovine mononuclear cells. bGH binding to liver membranes of rats and 
cattle was similar. Rat kidney membranes specifically bound bGH but spe­
cific binding could not be demonstrated in bovine kidney. This study 
indicates insulin and bGH receptors in rats and cattle are physically 
similar but some major organ differences exist between the two species, 
such as those observed in kidney. 
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INTRODUCTION 
Evidence relating the effect of peptide hormones to the amount of 
hormone specifically bound to cell surface receptors (Anderson et al., 
1977; Kono and Barham, 1971; Olefsky, 1976) suggests that a responsiveness 
of a tissue to a given hormone concentration could be predicted if the 
binding characteristics of that tissue is measured. Thus, physical 
characterization of hormone receptors coupled with the plasma hormone 
concentrations should give an estimate of the hormone specifically bound 
to a tissue. Although it is thought that insulin receptors are very 
similar between species (Kemmler et al., 1978; Muggeo et al., 1979), 
insulin and growth hormone binding have not been studied in bovine 
tissues. Additionally, the techniques for isolation of bovine mononuclear 
cells and tissue plasma membranes have not been described. 
The objective of this work was to characterize and compare insulin and 
growth hormone receptors in bovine mononuclear cells and isolated plasma 
membranes from liver, kidney, and adipose tissue. As a comparative 
control, binding to rat tissues was also measured. 
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MATERIALS AND METHODS 
Hormone and tissue preparation 
Bovine insulin (Calbiochem), chicken insulin (Lilly), bovine proinsulin 
(Lilly), bovine insulin A chain (Sigma) and bovine insulin B chain (Sigma) 
were prepared from powder just prior to use and dissolved in .OlN HCl. 
Bovine growth hormone (gGH, Li 1954), porcine growth hormone (pGH, Papkoff 
et al., 1962), ovine prolactin (oPRL, Cole and Li, 1955), and bovine pro­
lactin (bPRL, Cole and Li, 1955) were kindly provided by Dr. C. H. Li. 
Ovine growth hormone (oGH) was prepared by the method of Wallace and 
Ferguson (1963) and further purified by chromatography on Sephadex G-150 
in pH 9.1, in .01 M sodium bicarbonate buffer. Rat growth hormone (rGH) 
was obtained from the Pituitary Distribution Program of NIAMDD. Glucagon 
(Lilly) and growth hormones were dissolved in normal saline. 
Diethylstilbesterol (Merck) and triiodothironine (Sigma) were dissolved 
in .OlN NaOH while estradiol (Calbiochem) was taken up in 80^ ethanol. 
Hormones were further diluted in 25 mM assay buffer before use in binding 
studies (see below). 
[I25ij bovine insulin and bovine growth hormone were prepared 
by the stoichiometric iodination procedure outlined by De Meyts (1976a). 
The only modification was that the level of incorporation into bGH 
was decreased from 40 to 25? of the total. This lower specific activity 
of bGH was necessary to retain binding activity and presumably biological 
activity. lodinated insulin was isolated by adsorption chromatography on 
a cellulose column while iodinated bGH was separated from unincorporated 
iodine by chromatography on a Sephadex G-lOO column in 25 mM assay 
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buffer (AB: MOPS 25 mM, NaCL 105 mM, KCl 5 mM, MgSOij 1.2 mM, NaAcetate 15 
mM, glucose 6 mM, EDTA 1 mM, and bovine serum albumin 1 mg/ml, pH 7.4). 
Aliquots (100 y 1) of the iodinated hormones were stored at -20 C until 
needed. In all cases, the labeled hormones were used within 30 days of 
iodination. Just prior, to use, the labeled insulin was repurified on 
Sephadex G-50 and labeled bGH was repurified on Sephadex G-150. Again 25 
mM AB was used as solvent. Both hormones were diluted to approximately 
10^ CPM/50 yl. Fifty yl of the labeled hormone were used in the binding 
assays. The final insulin concentration in the medium was calcu­
lated to be approximately 0.3 ng/ml, while the final bGH concentra­
tion was approximately 0.6 ng/ml. Precipitability of both preparations 
was greater than 95/t in 10% trichloroacetic acid. 
Blood was obtained from cattle at the time of slaughter to isolate 
mononuclear cells. Three hundred mis of blood were collected directly 
into a flask containing 20 ml of isotonic EDTA (4.6 g/lOO ml) and 20 ml of 
isotonic morpholinopropanesulfonic acid (MOPS; Sigma; 3.68 g/lOO ml, 
adjusted to pH 7.4 with NaOH). This mixture provided sufficient anti­
coagulant to prevent platelet aggregation within the buffy coat after 
centrifugation. The blood-buffer-EDTA mixture was cooled to 10-15 C for 
transportation to the laboratory. Two hundred fifty mis of the blood mix­
ture were centrifuged at 1500G for 15 minutes in a swinging bucket rotor. 
The buffy coat was removed and diluted in 25 ml of 25 mM AB. The measured 
osmolarity of this buffer was 280 mOsni/1. The mononuclear cells were then 
isolated by a modification (DeMeyts, 1976a) of the density gradient method 
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of Boyum (1968). Twenty to 25 ml of the buffy ocat suspension were care­
fully layered over 10 ml of a 1.075 g/ml Ficoll-Hypaque gradient. The 
gradient composition was as follows: 56 ml of 11M Ficoll (w/v; Pharm­
acia) , 12 ml of Hypaque-50% (Winthrop Laboratories), 24 mis of 25 mM AB 
and 6 ml of distilled water. This mixture was isotonic to bovine plasma 
(280 mOsm/1) arid gave superior separation of mononuclear cells than the 
1.079 g/ml gradient used by Boyum with human blood. The gradient was 
centrifuged for 40 minutes at 400 G at l8 C. The white mononuclear cell 
layer (just above red cells) was then removed and diluted to 30 mis with 
AB. This suspension was then centrifuged l6 minutes at 250 G at 5 C. The 
cells were suspended in 25 mM AB and centrifuged at 250 G at 5 C for eight 
minutes two additional times to remove platelets. 
The final washed cell pellet was suspended in 5 to 15 ml of 100 mM AB 
(MOPS concentration increased to 100 mM and NaCl decreased to 40 mM to 
maintain isotonicity) depending on the pellet size. An approximation of 
cell numbers was obtained by counting in a hemocytometer. Cells were 
diluted to approximately 2.5 x 10^ cells/ml with 100 mM AB. This cell 
suspension was then used for insulin binding assays. 
Final cell concentration and viability (trypan blue exclusion) were 
measured in a hemocytometer. Cells were also counted on a Coulter Counter 
(Coulter Electronics) equipped with a cell size channelizer. From the 
size distribution plots, the percent of large and small cells in each 
preparation was estimated. The bimodal distribution of cell sizes was 
confirmed by microscopic examination. Other atteupts to quantitate bell 
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types in the bovine mononuclear cell preparations proved unsatisfactory 
due to cell breakage (esterase stain, DeMeyts, 1976a) and cell clumping 
(phagocytois of latex beads, DeMeyts, 1976a). Thus, the cell size chan-
nelizer method of estimating large "type" cells was used as an indication 
of the monocyte population, as monocytes are the most numerous large 
cells present. 
Illustrated in Figure 1 is a typical size profile of bovine mono­
nuclear cells prepared from Ficoll-Hypaque gradients. The major peak 
(channel 35-50), contained primarily small lymphocytes, while the larger 
cells were included in the second minor peak (channel 50-65). Most prep­
arations contained 20-35% large type cells. Red blood cells were in 
channel 20-30 while platelets and broken cells were in channel 0-20. 
Changing the dilution of cells counted did not increase the percentage of 
large cells as would be expected if coincidental counting of two cells 
were responsible for the large cell peak. Since specific data describing 
differential insulin binding to bovine lymphocytes and monocytes are not 
available, the binding data were expressed on the basis of total mono­
nuclear cells. 
Bovine liver, kidney and mesenteric adipose samples were removed 
within an hour after slaughter, frozen and stored at -20 C until plasma 
membranes could be isolated. Samples of rat liver, kidney and epididymal 
fat were collected and treated similarly. The plasma membranes were iso­
lated by a procedure outlined by Hollenberg and Cuatrecasas (1976). 
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Briefly, 15 g of tissue were homogenized in 150 ml of .25 M sucrose with 
a Polytron homogenizer (Brinkman Instrument; power setting of 3.2) for 90 
seconds. After centrifuging at 600 G for 10 minutes, the supernatents 
were transferred to 50 ml tubes and centrifuged at 10,000 G in a fixed 
angle centrifuge for 30 minutes. Floating fat material was removed by 
aspiration and supernatants were transferred to clean 50 ml tubes and the . 
volume adjusted to 40 ml with .25 M sucrose. One ml of 23.4 g/lOO ml 
NaCl (.1 M final) and .5 ml of .193 g/lOO ml MgSOi} (.2 mM final) were 
added and centrifuged for 45 minutes at 37,000 G in a fixed angle 
centrifuge. Supernatants were discarded and the membrane pellet was 
washed and centrifuged three times with 100 mM NaHCOg. The final pellet 
was suspended in 5 mM NaHCOg, analyzed for protein (Lowry et al., 1951) 
and stored at -20 C for use in the binding studies. Approximately 200 mg 
of membrane protein were isolated from the original 15 g of liver and 
kidney. Membrane recovery from fat tissues was much lower. 
Animals 
Fourteen steers, primarily of Angus and Simmental breeds were fed a 
high energy diet (85$ corn grain) adequate in minerals, vitamins and pro­
tein. At the time of slaughter, the cattle were 11-13 months of age and 
weighed approximately 400 kg. Twenty male rats of Sprague-Dawley descent 
were maintained on a commercial diet and weighed approximately 150 g. 
Both cattle and rats were fed ad libitum and tissues were collected be­
tween 0800 and 1000 hours. 
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Binding assays 
Mononuclear cells were suspended in lOOmM AB while membranes were 
suspended in 25mM AB plus 15 mg/ml BSA for binding assays. All binding 
studies were carried out in polystyrene tubes (10 x 75 mm, Falcon Plastics). 
Insulin and GH binding studies were conducted by making the following 
additions to each tube: 50 y1 of labeled hormone preparation, 50 y1 of 
unlabeled hormone (0 to 10,000 ng/ml) and 500 yl of cell or membrane sus­
pension. Insulin and bGH binding at 20 C reached steady state at approxi­
mately 6 hours of incubation, at which time duplicate aliquots (200 yl) 
were layered over 200 yl of ice cold 25mM AB in 500 yl polyethelene 
microfuge tubes (Sarstedt). 
Cell suspensions were spun for one minute (Beckman microfuge) and 
membranes were spun for 1.5 minutes. Tubes were inverted, and by a quick 
snap of the wrist, the supernate and pellet were completely separated by 
an air bubble. While still inverted, the microfuge tips were cut off to 
obtain bound counts while the free counts were obtained by counting the 
remaining portion of the tube. Although all suspensions of membranes 
assayed were diluted to contain 200 yg protein/ml, measurements of the 
pellet protein were made (Lowry et al, I95l) and the quantity of labeled 
hormone bound was corrected for the actual amount of protein spun down in 
the microfuge tube. Hormone degradation was measured by exposing the 
supernate to an equal volume of 10$ TCA and determining the number of 
counts precipitated by the TCA. In most cases degradation was < lOf> in 
both mononuclear cell and membrane assays. No attempt was made to correct 
for hormone degradation. 
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Calculations 
Specific hormone binding was calculated by subtracting the counts 
bound in the presence of 10,000 ng/ml cold hormone from the total 
binding. GH binding studies yielded linear Scatchard (1949) plots while 
Scatchard plots for insulin binding were curved. The curved Scatchard 
plots were analyzed by two models: 
I. Negative cooperative model; after Kahn et al., (1978). 
B/F = Ke X (Ro-B) 
1 + 1—a 
a 
II. Two class model; after Feldman (1972). 
B/F = .5 X KGL X (RQI-B) + KA2 x (R^ L-B) +/KAL x (R^ L-B) - x (RGZ-B) 2 
Where : 
B/F = specific counts bound/counts free 
B = hormone specifically bound (ng or Moles) 
Ke = average affinity of empty site (M~^) 
a = alpha factor or interaction factor (Ke/Kf) 
Ro = total receptor number (ng) 
Ka = affinity association constant for one class model (M~^) 
Kal = high affinity association constant (M"^) 
Rol = number of high affinity receptors (ng) 
Ka2 = low affinity association constant (M"^) 
Ro2 = number of low affinity receptors (ng) 
Two models were used to analyze curvilinear binding data because it is 
not certain whether the curvilinear Scatchard plot is due to interaction 
between binding sites (DeMeyts, 1976b) or due to the presence of more 
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than one class of independent receptors (Olefsky and Chang, 1978). Both 
models were analyzed by a least squares iterative procedure (Barr et al., 
1979) using equations I and II described above. 
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RESULTS 
Thé curves depicting time course binding of labeled insulin to bovine 
liver membranes and mononuclear cells and bGH binding to bovine liver 
membranes are illustrated in Figure 2. All other rat and bovine tissues 
also reached maximum within 6 hours. Varying the concentration of mem­
brane (150 to 500 yg/ml) and cell number (5 to 75 x 10^ cells/ml) re­
sulted in a linear increase in maximum binding percent. Other studies of 
insulin and bGH binding at 38c indicated faster initial binding but with 
lower steady state binding than obtained at 20C. 
Data showing competition of unlabeled hormones with labeled bovine 
insulin for binding to bovine liver membranes are presented in Figure 3a. 
Chicken insulin was equal to bovine insulin in displacing labeled 
insulin. Bovine proinsulin displaced labeled insulin from its receptors 
but was much less active than bovine insulin. There was no competition 
of oGH and glucagon. In other studies with mononuclear cells, kidney and 
fat membranes, competition curves were qualitatively similar to that 
shown in Figure 3. 
Competition of hormones with labeled bGH for binding to bovine liver 
membranes is presented in Figure 3b. With bovine liver, oGH and bGH were 
similar in their ability to displace bGH from its receptor while 
porcine and rat GH were somewhat less potent in displacing bGH. Both 
oPRL and bPRL were approximately 100 times less potent than bGH. Other 
peptides and steroids did not affect bGH binding. 
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Scatchard plots of insulin binding to liver, kidney and fat 
membranes of rats and cattle are shown in Figure 4. Rat liver bound 
approximately twice as much insulin as bovine liver. The higher binding 
by the rat liver membranes was related to an increase in the number of 
low and high affinity receptors. Negative cooperative analysis resulted 
in Ro(ng), Ke (x 10® M~^) and alpha values of 4.4, 4.2 and .022 for 
bovine and 14.2, 3.4 and .091 for rat membranes. 
The bovine kidney (Figure 4b) bound 3 times more insulin than rat 
kidney. Analysis on the basis of two independent receptors indicated the 
increased binding was due to greater number of receptors, whereas the 
negative cooperative model indicated the differences were due primarily to 
changes in the Ke and alpha; Ro(ng), Ke(x 10® M~^) and alpha values for 
bovine were 1.13, 9.0, .068 and for rat were 1.8l, 2.0 and 0.l6. 
Insulin binding to adipose membranes is also illustrated in Figure 
4c. As with liver, insulin binding to rat adipose membranes was greater 
than bovine. A greater number of receptors appeared to be responsible 
for the higher binding. The negative cooperative model indicated that 
changes in the Ke were responsible for the differences in adipose binding. 
Binding parameters Ro, Ke and alpha in cattle were 5.0, 1.9, .0038, 
respectively, while the parameters in rats were 2.3, 15.8 and .311, 
respectively. 
Insulin binding to bovine mononuclear cells is presented in Figure 
5. Binding to mononuclear cells contrasted to isolated membranes, in 
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that a much larger portion of the insulin was bound to low affinity-
receptors. 
Binding of bGH to plasma membranes of rat and bovine liver and kidney 
is shown in Figure 6. The maximum amounts of bGH bound were approxi­
mately equal in both rat and bovine liver membranes, but the Ro and Ka 
were much different. The rat liver membranes had a high capacity low 
affinity receptor while the bovine liver had a high affinity low capacity 
receptor. Specific binding of labeled bGH to bovine kidney membranes 
could not be demonstrated. 
Specific GH binding was also noted in some adipose membrane prepara­
tions but insufficient membrane was available to fully characterize the 
binding. Attempts to measure displacement of GH from mononuclear 
cells resulted in an increase in total binding as more cold GH was added. 
The failure of GH to specifically bind to mononuclear cells has been dem­
onstrated before (Hinterberger et al., 1976). 
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DISCUSSION 
It has been suggested that unliire the primary amino acid sequence of 
insulin, the insulin receptor is conserved phylogenetically (Kemmler et 
al., 1978, Muggeo et al., 1979). Competition studies and affinity 
measurements reported in the present study support the concept that the 
bovine insulin receptor is very similar to that of rat (Cuatrecasas, 
1971), turkey (Ginsberg et al., 1976), and human (Olefsky et al., 1976). 
The data obtained in this study of insulin binding to rat liver mem­
branes are comparable with published studies analyzed as a negative 
cooperative model (Kahn et al., 1978). When the data were analyzed on 
the basis of two binding sites, the affinities were slightly lower than 
reported elsewhere for human and rat (Gavin et al., 1973, Kahn and Roth, 
1976). Other reports of insulin binding to bovine liver membranes (Roaen 
et al., 1979) indicated similar affinities and binding capacities to 
those reported here. Isolated ovine hepatocytes (Gill and Hart, 1980) 
had slightly higher affinities for insulin than measured here for bovine 
liver membranes. The least squares analysis employed in our study may 
account for the somewhat lower affinity, but more likely it is that other 
reports failed to properly analyze the contribution of each receptor class 
in the Scatchard analysis (Feldman, 1972; Norby et al., 1980). 
Data comparing insulin binding to bovine and rat tissues are limited. 
Takano et al., (1976) reported similar insulin binding in rat and bovine 
liver membranes. Rosen et al., (1980) also indirectly compared binding of 
rat and bovine liver, noting similar binding except that the addition of 
cold insulin did not enhance the displacement of labeled insulin. 
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Although liver membranes from rats bound more insulin than those from 
cattle, attempts were not made to evaluate if this difference could be 
attributed to differences in membrane purity. If impurity of the mem­
branes caused the low binding of insulin to bovine liver, it would be 
expected that binding of bGH also would have been low. The bovine liver 
membranes, however, bound bGH equal to rat membranes, suggesting that 
gross changes in membrane purity were not responsible for the lower insu­
lin binding to bovine liver membranes. 
The bovine mononuclear cells had approximately 3,700 high affinity 
and 15,000 low affinity insulin receptors per cell, which is somewhat 
higher than reported for human cells (Olefsky et al., 1976), while the 
affinity of the bovine mononuclear cells for insulin is somewhat lower 
than reported for the human (Gavin et al., 1972; Gavin et al., 1973). 
Again, the lower affinity reported here may be due to differences in the 
mathematical analysis employed. 
The studies reported here give little insight into whether the curved 
Scatchard plot is due to negative cooperativity or the presence of two 
classes of insulin receptors. Indeed, there is evidence to suggest that 
there may be functionally two classes of receptors of which one or more 
interact, causing the negative cooperative effects noted (Olefsky and 
Chang, 1978). Whatever model is eventually accepted, it makes little 
difference when affinities and receptor numbers are used for comparative 
purposes and not for physiochemical inferences.into receptor-hormone 
interaction. 
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Initial attempts at demonstrating bGH receptors in bovine and rat 
tissues were not successful until the number of atoms of per bGH 
molecule was decreased to compensate for the fewer tyrosine residues in 
bGH as compared with hGH. After this modification, bGH bound specifically 
to rat and bovine liver and rat kidney membranes with high affinity. This 
demonstration of specific bGH binding to rat liver membranes is in con­
trast to previous studies which failed to demonstrate specific binding 
(Herington et al., 1976; Posner, 1976). The lack of PRL competition with 
the GH binding sites in bovine liver membranes supports the contention 
that bGH binds to specific somatotrophic sites (Posner, 1976). The mini­
mal displacement of bGH by PRL at very high concentrations may have been 
due to slight contamination of prolactin with GH. 
The reason bovine kidney membranes did not bind bGH even though 
insulin was bound is not readily apparent. In both rats and sheep, the 
kidney has been shown to be important in GH clearance from plasma (Wallace 
et al., 1972,; Wallace and Stacy, 1975). GH is also concentrated in the rat 
kidney (Retegni-Sardou et al., 1977; Johnson and Maack, 1977). In the 
case of sheep, the kidney is necessary for GH to exert its lipolytic 
effect (Wallace et al., 1970). The explanation may be in the basic 
response differences of rats and ruminants to GH. In rats, GH is respon­
sible for production of somatomedin, while in lambs, GH was not shown to 
increase somatomedin production (Falconer et al., 1977). 
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Figure 1 ; Mononuclear blood cell size profile of Ficoll-Hypaque gradient 
isolates; Coulter cell channelizer was set at a base cell setting of 15% 
and window width setting of 40%. The major peak (channel 35-50) contained 
primarily small lymphocytes (<* 6pO while the smaller secondary peak 50-
65, contained large "monocytic" cells. The large cells accounted for 
20-35% of the total mononuclear cells present in bovine cell preparations. 
Platelets and red cells were contained in channels 0-30. 
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Figure 2; Time course of bovine insulin and bovine growth 
hormone binding to bovine liver plasma membranes (binding per 200Mg 
protein) and insulin to bovine mononuclear cells (25 x 10° cells). 
Nonspecific binding (binding in presence of 105 ng/ml cold insulin) is 
subtracted from each time point. 
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Figure 4 ; Comparison of bovine insulin binding to plasma membranes 
(200ju. g  protein) from rat and bovine liver (panel a), kidney (panel b), 
and adipose (panel c). Two class Scatchard binding parameters, determined 
by a least squares iterative procedure, are shown for each tissue. Ro 
values are in ng of insulin per 200 jug of protein while Kai and Ka2 values 
are x 10 M~^ and x 10^ M"^ respectively. Solid line represents predic­
tion equation derived from the least squares fit of the data (see 
Materials and Methods). 
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class receptor model by iterative least squares procedure. (Ro values are 
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Figure 6; bovine growth hormone binding to isolated membranes 
(200^g) from liver (panel a) and kidney (panel b) of bovine and rat. 
Binding parameters for one class of receptors determined by Scatchard 
analysis are shown. Ro values are in ng of hormone/200_^g of protein 
while Ka values are x 10° M~^. 
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ABSTRACT 
Binding of bovine insulin and bovine growth hormone (GH) was charac­
terized in tissues from large and small framed cattle to determine if 
receptor modulation plays a role in regulating hormone action. Mononuclear 
cells from small framed cattle had lower binding capacity than did large 
framed cattle, but this difference was small compared with the increased 
concentrations of plasma insulin observed in small cattle. Insulin re­
ceptor changes were not reflected equally in blood mononuclear cells and 
membranes of liver and kidney. There was no difference in GH binding to 
liver membranes of large and small framed cattle. These studies suggest 
that plasma hormone concentrations adequately reflect the endocrine 
status of cattle under conditions of moderate changes in insulin and GH 
concentrations. 
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INTRODUCTION 
Recent knowledge of specific hormone receptors has emphasized the 
importance of determining concentrations of hormones in body fluids as 
well as binding of hormones to the target tissues. In nonruminants, it 
appears that changes in plasma insulin concentrations are countered by 
opposite changes in insulin binding (Kahn et al., 1973, Olefsky, 1976). 
This counter regulation between insulin and its receptor necessitates 
measurement of both hormone concentration and hormone binding to estimate 
the vivo effects of the hormone. It is unknown whether the changes in 
plasma insulin and GH that accompany changes in cattle growth (Joakimson 
and Blom, 1976, Trenkle and Topel, 1978) and metabolism (Hart et al., 
1978) are countered by opposite changes in receptor binding. Until insu­
lin and growth hormone receptors are measured in cattle tissues, this 
plasma hormone data will have limited application. 
In the experiments reported here, insulin and growth hormone recep­
tors were measured in various tissues from cattle of large and small 
frame size. The purpose of this study was to determine if combining the 
hormone receptor data with plasma hormone concentrations would more fully 
explain the importance of insulin and GH in regulating growth of cattle. 
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MATERIALS AND METHODS 
Animals. 
Samples were taken from large and small framed cattle being studied 
in four separate experiments. In the first two studies, blood was taken 
for mononuclear cell isolation while in the latter two studies tissue 
samples were also taken for isolation of plasma membranes. In all experi­
ments, animals were fed ad libitum prior to sampling. Diets were gener­
ally categorized as medium to high energy of which 50 to 85% of the diet 
consisted of corn grain. Adequate minerals, vitamins and protein were 
added to all diets. The Simmental and Limousin cattle representing large 
frame size were at least 3/4 purebred. Purebred Aberden Angus (Angus) or 
Angus X Hereford cattle represented small frame size. The Holstein cattle 
sampled in one experiment were purebred. 
Experiment 1. Angus, Simmental and Holstein (5 each) were selected 
at weaning, accustomed to handling with halters and fed a diet of which 
corn grain made up 80% of the dry matter. Animal weights and ages at the 
time of the experiment are included in Table 1. A 250 ml blood sample was 
obtained by jugular catheter for isolation of mononuclear cells. 
Experiment 2. Blood was taken from Angus and Simmental cattle being 
fed a high energy diet (80% corn grain). Ages and carcass weights are in­
cluded in Table 2. Animals were restrained in a catch chute and blood 
obtained by jugular vein puncture. Angus animals were slaughtered the day 
after blood sampling and Simmental were slaughtered 45 days later. 
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Experiment 3. The cattle in this experiment were grouped as large 
or small frame size based on weight at weaning (45 days). The breed 
composition of the large animals was predominantly Simmental while that 
of the small animals was primarily Angus. Animals of both groups were 
fed a high energy diet (85% corn grain). A week before slaughter, a 
catheter was placed in the jugular vein and the following day blood sam­
ples taken every 30 minutes for six hours. These plasma samples were 
then pooled for hormone assay. Blood was collected at the time of 
slaughter for isolation of mononuclear cells and samples of kidney, 
liver and mesenteric fat were taken for isolation of plasma membranes. 
Experiment 4. Blood and liver samples were taken from Limousin, 
Angus and Simmental steers fed a medium energy diet (6556 corn grain), 
weights and ages are given in Table 4. The day prior to slaughter, jugu­
lar blood was collected by venipuncture. Liver samples were obtained at 
slaughter. 
Cell and membrane isolation 
Mononuclear cells were isolated by a modification of the Ficoll-
Hypaque density gradient method (DeMeyts, 1976, Nissen and Trenkle, 
1981). Plasma membranes were isolated by the centrifugation procedure 
outlined by Hollenberg and Cuatrecasas (1976). 
Assay procedures 
Bovine I^^^IJinsulin and t^^^IJgrowth hormone (bGH) binding to cir­
culating mononuclear cells and plasma membranes are described in the pre­
vious paper (Nissen and Trenkle, 1981). Insulin was assayed by the 
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procedure outlined by Trenkle, 1972. Growth hormone radioimmunoassay was 
carried out by the procedure of Trenkle, 1976. Binding results are 
reported here on the basis of a two class Scatchard binding model (Nissen 
and Trenkle, I98l). 
Determining the amount of insulin or GH bound iji vivo was estimated 
from plasma hormone concentration and vitro binding data. A curve 
was constructed from the in vitro binding data of each animal relating 
the concentration of hormone (0 to 10 ng/ml) to the amount of hormone 
bound (ng per 25 x 10^ mononuclear cells and ng per 200 y g membrane pro­
tein) . Substitution of plasma hormone concentration into the equation 
(quadratic regression) gave an estimate of in vivo binding. The assump­
tions were that plasma hormone concentrations were similar to those 
bathing tissues and that the in vitro binding estimates were represen­
tative of the events occurring vivo. 
Comparison of binding parameters and hormone concentrations between 
cattle types was carried out using analysis of variance. Simple and par­
tial correlations were done according to Steel and Torrie (i960). All 
possible correlations were calculated between insulin and GH binding 
parameters. 
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RESULTS 
Experiment 1. Results of insulin binding to mononuclear cells are 
presented in Table 1. A major difference observed in this experiment was 
the increase in maximum insulin binding by Holstein mononuclear cells 
from Holstein compared with those from Angus or Simmental. This dif­
ference was due primarily to higher receptor numbers (Ro-| and R02). 
Taking into account the plasma insulin concentrations, the Holstein ani­
mals had almost twice the estimated ^  vivo binding of insulin as com­
pared with Angus or Simmental. Plasma concentrations of GH were higher 
in Simmental and Holstein than in Angus. Growth hormone did not specifi­
cally bind to bovine mononuclear cells (Missen and Trenkle, 1981). 
Experiment 2. Insulin binding to mononuclear cells of Angus and 
Simmental cattle is presented in Table 2. The maximum binding percentage 
was significantly lower in Angus compared with Simmental due primarily to 
a large decrease in low affinity receptor. The high affinity binding 
constant for insulin was slightly higher in Angus. Plasma insulin was 
not measured in these animals. 
Experiment 3. The results of experiment 3 are presented in Table 3. 
Plasma insulin concentrations in the small animals were much higher than 
in the large animals yet the only Scatchard binding parameter signifi­
cantly different was a small decrease in the number of high affinity 
receptors on the mononuclear cells from the small animals. Small animals 
also had a large decrease (not significant) in maximum insulin binding to 
adipose membranes. Estimates of jjji vivo binding indicated the small animals 
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had more insulin bound to liver and kidney membranes than did large type 
cattle, primarily because of elevated insulin concentrations. The only 
exception to this may be in adipose membranes, but because of limited 
material binding parameters could not be estimated. 
The amount of GH bound to liver membranes and plasma GH concentra­
tions was not different in the two types of cattle. 
Experiment 4. The results of experiment 4 are summarized in Table 4. 
Because of the limited number of animals used in this experiment, few bind­
ing parameters approached significance. The results, however, generally 
support trends seen in the previous three experiments, namely a tendency 
toward increased receptor numbers (RQ]_ and and decreased affinity 
(K^i and Ka2) in the larger leaner breeds. Maximum binding of GH tended 
to be higher in Simmental and Limousin animals. Coupled with high plasma 
GH, the Simmental tended to have higher estimates of membrane bound GH. 
Some of the correlations between binding parameters (across all ex­
periments) are presented in Table 5. Simple correlations indicate a 
constant negative relationship between receptor numbers and affinity con­
stants for both insulin and GH. Removing effects of breed and experiment 
(partial r) does little to affect these relationships. There appears to 
be no correlation between concentrations of insulin in plasma and any 
insulin binding parameters in any of the tissues studied (all correla­
tions < .20; data not shown). Maximum binding of GH also appears to be 
related to insulin binding to the monocyte high affinity receptor number 
(RQ^), while plasma insulin is negatively correlated with GH RQ (Table 5). 
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DISCUSSION 
Decreases in insulin binding have been reported to occur in obese 
mice and humans in the presence of increased plasma insulin concentrations 
(Kahn et al., 1973, Olefsky, 1976). In studies reported here, the insulin 
binding capacity in smaller framed cattle is decreased but this decrease 
is not in proportion to the higher concentration of insulin in these 
animals. Thus, the increase in insulin concentration noted here in small 
breeds of cattle, in addition to the increased concentrations that occur 
in cattle with age (Trenkle and Topel, 1978), probably result in more 
insulin binding to tissues. Postreceptor considerations notwithstanding, 
the increased insulin binding should bring about a greater metabolic 
effect of insulin in the tissues of these small framed animals. 
Like the insulin receptor, GH receptors changed little in response 
to changes in plasma GH concentrations. If GH receptors in cattle are 
unchanged in response to elevations in plasma GH concentrations, the 
decrease in plasma GH seen with aging (Joakimsen and Blom, 1976, Trenkle 
and Topel, 1978) and the decrease in plasma GH seen in fat cattle (Trenkle 
and Topel, 1978) probably result in a decrease in the amount of GH bound 
to the tissue. This should theoretically result in a diminished effect of 
the hormone on the tissue. 
In humans, insulin binding to mononuclear cells and adipocytes are 
considered to be related (Olefsky, 1976) but extensive studies have not 
been conducted. The results reported here indicate little parallelism 
between insulin binding to mononuclear cells and binding to liver or kid­
ney membranes. 
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Direct measurement of insulin binding in adipose tissue and GH bind­
ing to muscle would be useful. Unfortunately, isolation of bovine fat or 
muscle cells (Olefsky et al, 1976) is difficult. The enzymes necessary 
to free individual cells from connective tissues probably would alter sur­
face binding sites (Kono and Barham, 1971). The results of trial 3 in 
which insulin binding to adipose membranes was measured (Table 3) indi­
cate a large decrease in insulin binding in the small animals. Insuf­
ficient material was available to more fully characterize the binding in 
each animal. In the previous paper (Nissen and Trenkle, I98l), binding 
characterization of membranes isolated from adipose tissue indicated the 
presence of high affinity insulin receptors. Attempts to isolate 
skeletal muscle membranes by the method described here were unsuccessful. 
The high negative correlation between both insulin and GH affinity 
and receptor numbers noted here (Table 5) is also evident in several 
other studies reporting changes in receptor binding (Herrington et al., 
1976, Kahn et al., 1973, Kahn et al., 1978). This may be a result of in­
accurate estimates of Scatchard binding parameters or may be an event 
related to receptor "down regulation". As cell surface receptors in­
crease (Rq) and are in turn closer together, the affinity (Kg) may be 
decreased. Thus, a type of modulation of hormone action by the receptors 
themselves may take place on the cell surface. This may be a form of or 
an adjunct to the hormone mediated "down regulation" that occurs in re­
sponse to changes in hormone concentration as reported by Olefsky (1976). 
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The results obtained with the tissues studied in these experiments 
are consistent with the concept that receptors for insulin and GH play a 
secondary role to plasma hormone concentration in regulating the action 
of insulin and GH in bovine tissues. In effect, these receptors do not 
appear to be fully "down regulated" by plasma hormone concentrations. 
Additionally, it appears that interaction of surface receptors themselves 
may mediate hormone binding and may be more important than hormone con­
centrations in controlling receptor binding within the narrow physiologi­
cal range of hormone concentrations. 
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Table 1. Insulin binding characteristics of mononuclear cells of Angus, 
Simmental and Holstein cattle 
Angus Simmental Holstein Pr > pa 
n 5 5 5 
Age (mo) 10 10 7 --
Weight (kg) 298 300 289 — — 
Plasma hormones 
Insulin (ng/ml) 2.22 1.88 2.71 .15 
GH (ng/ml) 3.70 13.70 10.46 .08 
Scatchard binding analysis^ 
Roj (ng) .040 .039 .066* .06 
Ro 2 (ng) 1.25 1.07 2.62* .01 
Kai (M-1 X 10®) 8.93 7.01 6.90 .53 
Ka2 (M-1 X 107) 1.52 1.47 1.01 .92 
Max binding .684 .667 1.13* .01 
Cell Bound (ng)d .011 .012 .020* .01 
^Overall analysis of variance significayce. Significant difference (p < 
.05) from other groups is indicated by . 
bScatchard analysis on the basis of two independent classes of receptors 
(25 X 106 mononuclear cells). 
^Maximum binding percent is the percent of /'^^I-insulin added that is 
bound to 25 x 10° cells when no cold insulin is added. Nonspecific 
binding (binding in presence of 105 ng/ml cold insulin) is subtrated 
from this value. 
dcell bound insulin is the calculated amount of insulin that should be 
bound to 25 x 10° cells in vivo at the concentration of insulin measured 
in plasma. 
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Table 2, Effect of breed on insulin binding to mononuclear blood cells® 
Angus Simmental Breed 
Pr > : 
n 
Age (mo) 
Carcass weight (kg) 
20 
15 
401 
15 
10 
288 .001 
Rol (ng) 
Ro2 (ng) 
Kal (M-1 X 10°) 
Ka2 (M-1 X 10') 
Max binding % 
.014 
.763 
12.00 
1.14 
.27 
.038 
1.20 
9.49 
1.56 
.65 
.62 
.01 
.01 
.10 
.05 
^See Table 1 for further explanation of table. 
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Table 3. Insulin and growth hormone binding parameters in cattle selected 
at weaning for large and small framed types® 
Plasma hormones 
Parameter Small Large Pr > 
n 7 7 
Age (mo) 13 13 
Body weight (kg) 352 429 .01 
Carcass weight (kg) 205 265 .02 
Insulin (ng/ml) 2.92 1.33 .01 
Growth hormone (ng/ml) 3.70 3.71 .90 
Insulin binding 
Mononuclear 
cells 
Liver 
membranes^ 
Rol (ng) 
Ro2 (ng) 
Kal (M-1 X 10°) 
Ka2 (M-1 X 10') 
Max binding % 
Cell bound (ng) 
Rol (ng) 
Ro2 (ng) 
Kal (M-1 X 10°) 
Ka2 (M-1 X 10f) 
Max binding % 
Membrane bound (ng) 
Rol (ng) 
Ro2 (ng) 
Kal (M-1 X 10°) 
Ka2 (M-1 X 10?) 
Max bindng % 
Membrane bound (ng) 
Adipose membranes® Max binding % 
Gowth hormone binding 
Liver Ro (ng) 
membranes Ka (M"l x 10") 
Max binding % 
Membrane bound (ng) 
Kidney 
membranes 
.071 
5.50 
5.5 
.70 
1.35 
.033 
.119 
1.62 
12.3 
.76 
2.38 
.038 
.120 
1.08 
10.2 
1.4 
1.85 
.037 
.205 
.118 
7.9 
1.19 
.027 
.100 
6.11 
5.2 
.72 
1.61 
.025 
.102 
1.68 
12.7 
1.06 
2.30 
.020 
.136 
1.34 
14.5 
1.0 
1.71 
.018 
.988 
.180 
5.5 
1.17 
.030 
.05 
.77 
.72 
.89 
.41 
.49 
.36 
.36 
.88 
.49 
.76 
.01 
.67 
.51 
.62 
.65 
.48 
.03 
.08 
.26 
.24 
.93 
.74 
®See Table 1 footnotes for explanation of table. 
^All membrane binding presented on the basis of 200 yg of protein. 
^Insufficient fat membrane available for Scatchard analysis. 
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Table 4. Insulin and growth hormone binding to Angus, Limousin and 
Simmental cattle® 
Parameter Angus Limousin Simmental Pr > F 
n 4 4 3 
Carcass weight (kg) 315 389 396 —  — —  
Age (mo) 25 22 22 — — — 
Insulin (ng/ml) 1.90 1.34 1.30 .10 
Growth hormone (ng/ml) 3.1.1 3.10 5.04 .05 
Insulin binding 
Mononuclear 
cells 
Liver 
membranes 
Rol (ng) 
Ro2 (ng) 
Kal (M-1 
Ka2 (M-1 
108) 
10?) 
Max binding % 
Cell bound (ng) 
Rol (ng) 
Ro2 
Kal (M-1 X 10®) 
Ka2 (M-1 X 10?) 
Max binding % 
Membrane bound (ng) 
Growth hormone binding 
Liver Ro (ng) 
membranes Ka (M-1 x 10") 
Max binding % 
Membrane bound (ng) 
.083 .066 .172 .62 
2.16 3.09 5.21 .47 
6.9 6.4 1.86 .02 
1.5 1.2 .73 .25 
1.36 1.22 1.02 .52 
.021 0.16 .013 .33 
.125 .130 .155 .61 
1.58 1.41 1.40 .90 
13.0 13.1 11.6 .63 
.64 .72 .63 .97 
2.82 2.91 3.18 .82 
.030 .025 ,028 .66 
.352 .380 .241 .77 
4.71 4.71 8.16 .18 
2.44 . 2.67 2.88 .17 
.050 .057 .082 .18 
®See Table 1 for further explanation of Table 4. 
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Table 5. Correlations between affinity constants and receptor numbers 
(all experiments) 
Simple 
r 
Partial® 
r 
87 
87 
-.49 
-.31 
-.28 
-.24 
25 
25 
- .62 
-.21 
-.65 
-.32 
25 -.71 -.80 
25 -.46 
Insulin 
Mononuclear 
cells 
Rol vs Kal 
Ro2 vs Ka2 
Liver 
membranes 
Rol VS Kal 
Ro2 vs Ka2 
GH 
Liver 
membranes 
Ro vs Ka 
GH-Insulin relationship 
Plasma insulin vs GH Ro 
^Removing effects of breed and experiment 
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GENERAL DISCUSSION 
The studies reported here suggest insulin and GH receptors are not 
the primary regulators of insulin and GH action. The changes in receptor 
binding were usually small compared to the much larger changes in plasma 
hormone concentrations, the net result being that small cattle probably 
have less GH and more insulin bound to their tissues than do large lean 
animals. However, these differences are subject to postreceptor modula­
tion which could change the ultimate effect of the hormone. Postreceptor 
events were not measured in these studies. Future studies will necessi­
tate such measurements if further inferences into hormone physiology and 
growth are to be made. 
The basis for any conclusions concerning changes in hormone receptors 
is the validity of the in vitro binding assay. In general, all peptide 
binding techniques suffer on several fronts. Among the worst are non-
physiological binding conditions, ambiguity in data analysis and absolute 
variation in binding measurements. All these cloud the already difficult 
transition between in vitro and in vivo binding. 
The fact that hormone binding is optimized for maximum binding usu­
ally results in nonphysiological pH, temperature and ionic environment. 
Thus, binding is maximized but other processes such as degradation and 
endocytosis are minimized. The question is if this optimized in. vitro 
system can be translated into the in vivo situation where several pro­
cesses are occurring simultaneously. It would seem hormone responsiveness 
or sensitivity should be measured as an integrated cellular process rather 
than isolating the parts of the system. 
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Assay variation also is important in interpreting the binding results 
and is composed of at least two components. First, the variation in bound 
and free separation due to cell breakage, inadequate mixing or inaccurate 
pipeting which necessitates triplicate analysis at each binding point. 
Secondly, the Scatchard analysis of binding data is subject to tremendous 
subjectivity. The least squares method of estimating Scatchard binding 
parameters used here eliminates much of the bias encountered with "hard 
calculated" Scatchard curves. The computer assisted method, in many 
instances, also results in binding parameters of questionable value. In 
these cases, the iterative limits on the program must then be adjusted to 
obtain reasonable results. 
In the final analysis, the binding estimate of most use is the maximum 
binding percentage. This value is accurately measured and involves no in­
terpretation as to its meaning. The maximum binding percentage is 
actually the product of both the affinity and number of receptors. While 
the number and affinity of the receptor is intellectually interesting, it 
is of little value when attempting to interpret binding data; the impor­
tance of binding data is riot the receptor numbers or affinity but how much 
hormone will be bound at a given hormone concentration. Additionally, the 
assumptions used in calculating binding affinities and receptor numbers 
are generally invalid. 
It appears that endocrine research in farm animals still holds much 
promise. However, the methods presently available for these studies are 
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inadequate. Therefore, to properly evaluate the hormone status of an ani­
mal , the following techniques need to be developed or improved : 1) Esti­
mates of hormone concentrations in plasma need to be integrated over at 
least a 6 hour period, i.e., continuous sampling techniques. An alter­
native approach to sampling under physiologic conditions would be the de­
velopment of very small capillary tubing, which when placed in a vein and 
attached to a vacuum would continuously sample over an extended period of 
time. 2) Methods of collecting tissue suitable for hormone sensitivity 
studies must be developed. These techniques should be applicable to 
either postmortem tissues or small biopsy tissues. Emphasis should be 
placed on maintaining intact, viable cells for subsequent assays. 
3). Sensitive and specific in vitro measurements of hormone actions at 
the tissue level must be developed. These should include a physiological 
event, such as substrate uptake or protein metabolism. 4) Improved 
methods for assessing hormone binding should be developed. These assays 
should only be conducted when altered hormone sensitivity is demonstrated. 
With these techniques, receptor or postreceptor changes could be 
distinguished. Together these techniques should allow complete descrip­
tion of an animal's hormone status and determine if a hormone is involved 
in a particular metabolic event (i.e., lipid deposition). In turn, these 
data should better facilitate attempts to modify growth of farm animals by 
altering the endocrine system. 
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APPENDIX 
Isolation of bovine mononuclear cells 
1. 300 ml blood + 20 ml of isotonic EDTA (4.69 g/lOO ml) + 20 ml iso­
tonic MOPS (3.68 g/100 ml). 
2. Centrifuge at 1500 G for 15 min in swinging bucket rotor at 4c. 
3. Buffy coat is aspirated with pasteur pipet into 20 ml of 25 mM assay 
buffer : 
25 raM assay buffer (adjusted to pH 7.43 with NaOH) 
MOPS (25 raM) 5.23 
NaCl (105 mM) 6.13 
KCl (5 mM) .37 
MgSd4 (1.27 mM) .15 
NaAcetate (15 mM) 1.23 
Glucose (6 mM) I.O8 
EDTA (1 mM) .37 
Albumin (1 rag/ml) 1.00 
4. The buffy coat-buffer suspension is carefully layered over 10 ml of 
Ficoll-Hypaque gradient with a plastic syringe and a 6"-12 g needle: 
Mononuclear cell isolation gradient (1.075 g/ml, 285 mOsm/l) 
Ficoll (21 g + 100 g H2O) 58 ml 
Hypaque-50$ 12 ml 
Assay buffer (25 mM) 24 ml 
H2O 6 ml 
5. Centrifuge gradient + cells for 40 min at 400 g at l8c in a swinging 
bucket rotor. 
6. Mononuclear cells (white layer just above red cells) are carefully re­
moved with a pasteur pipet and diluted with 30 ml of ice cold 25 mM 
assay buffer. 
7. Mononuclear cells are centrifuged 16 min at 5C ^ t 250 G - platelets 
and broken cells are left in suspension. 
8. The supernate is quickly aspirated and cells diluted in fresh ice cold 
25 mM assay buffer. Cells were suspended by gentle aspiration and 
expression with a pasteur pipet. 
9. Two additional centrifugations at 250 G for 8 min are carried out at 50. 
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10. The cell pellet is resuspended in 5-15 ml of lOO mM assay buffer 
depending on the cell pellet size: 
100 mM assay buffer composition (pH 7.43); pH adjusted to 7.43 with 
NaOH 
Ba 
MOPS (100 mM) 20.93 
NaCl (40 mM) 2.34 
KCl (5 mM) .33 
MgS04 (1.2 mM) .15 
Na Acetate (15 mM) 1.23 
Glucose.(6 mM) 1.08 
EDTA (1 mM) .37 
Albumin (1 mg/ml) 1.00 
11. Cells/ml were determined using a hemocytometer. 
12. Cells are diluted to approximately 2.5 x 10^ cells/ml in 100 mM AB. 
13. .5 ml of this suspension is added to each tube for binding assays. 
Plasma membrane isolation 
1. l6 g tissue + 150 ml of ice cold .25 M sucrose. Adipose tissue is 
homogenized at 37°. 
2. Homogenize 90 sec with polytron set at 2 or 3 (minimum speed possible). 
3. Homogenate spun 650 G for 10 min at 5^0. 
4. Aspirate floating fatty, material (when adipose tissue is used, then 
fatty material must be scraped off). 
5. Decant supernate into 50 ml centrifuge tubes. 
6. Centrifuge supernate at 10,000 G for 10 min at 5°C. 
7. Aspirate fat and decant supernate into clean tubes. 
8. Adjust volume to 40 ml with .25 M sucrose. 
9. Add 1 ml of NaCl (23.4 g/lOO ml) and .5 ml of MgS0% (0.193 g/lOO ml). 
Final Na and Mg concentrations of .1 M and .2mM respectively. 
10. Centrifuge at 37,000 G for 45 min at 5°C. 
11. Decant supernates and resuspend pellet in .1 M NaHCOg. 
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12. Repeat 37,000 G centrifugation 3 times. 
13. The final pellet is suspended in 5 mM NaHCOg and stored at -20C until 
assayed. 
Binding assay procedure for insulin and GH 
1. 50 yl - labeled hormone (20-60,000 cpm) 
50 ^ - unlabeled hormone 
500 pi - cell or membrane suspension 
2. Hormone stock solutions 
Insulin - 1 rag/ml in + .01 N HCl + 7.33 ml AB 
final concentration = 120,000 ng/ral 
GH - .05 mg/.5 ml HgO + 3.66 ml AB 
final concentration = 120,000 ng/ml 
3. Dilutions - Insulin and GH 
1st dilution 2nd dilution ng/ml in assay tube 
none 10,000 
1/9 ——— 1,000 
1.5/0.5 750 
1.0/1.0 500 
0.5/1.5 250 
— — 1 0 0  
1/9 1.5/0.5 75 
1.0/1.0 50 
0.5/1.5 25 
1/9 10 
1.5/0.5 7.5 
1.0/1.0 5.0 
0.5/1.5 2.5 
1/9 ——— 1.0 
1.5/0.5 .75 
1.0/1.0 .50 
0.5/1.5 .25 
4. After 6 hr at ZO^c 3 aliquots of 150 yl each are layered over 200 
yl of ice cold AB in microfuge tubes. 
5. Centrifuge cells 1 min and membranes 1.5 min in microfuge (Beckman). 
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6. Separate bound hormone by inverting the microfuge tube and sharply 
snapping the tube downward with the arm and wrist. The cell pellet 
will be cleanly separated from the supernate. 
7. Inverted tubes can be stored on the bench by using double stick tape 
until cutting off the tip of the tube containing sedimented membranes. 
Representative insulin and GH binding assay 
ng/ml hormone 
GH bound to Liver 
(counts/4 min) 
Insulin bound to 
mononucler cells 
(counts/4 min) 
0 
.25 
.50 
.75 
1.0 
1234 
1318 
1208 
1190 
1170 
8606 
7871 
7907 
8765 
.8407 
7981 
8212 
7985 
7477 
7101 
6808 
68l4 
5590 
5274 
4656 
4200 
3265 
2.5 
5.0 
7.5 
10 
25 
50 
75 
987 
942 
896 
828 
780 
729 
712 
620 
610 
620 
6l6 
100 
250 
750 
1000 
10,000 (MSB) 
Free 
cells or protein 
62,000 
170 ng 
339,000 
26 X lOO/ml 
SAS computer program used to analyze Scatchard binding parameters. 
Variables B/F(BF in program) and Bound (B in program) need to be 
entered into the program. 
Two class model: 
fKC: M.IM 3E5r = 13 L3\VL%G&\[E=.0J1: BY 
K l=.u5,.l,.3 = % ! = . !,.3 <2=5.IJ; 
3F=,5*((Kl*(Rl-B)+<2*(Ra-B)+S31T((Kl*iRl-d)-KZ*(3 2-o>)*-2 
) ) t  
i^tk»Kl=»5* ((Ri~6) + »5-'- ( ( hi*(ki—3) — — 3))**2 
+  ^*<l*K2-Rl*R2)-*-.5 *(2* ( n i ^  1-b )-K 2-( 2-B ) ) - (-^ 1 - B ) »4tK2*<l>R2)) 
0hR.<2=.5- I  fR2-R)^.5* ( I K1 <= ( R l -3 T-K 2 -  (  R  2-3 ))»-2 
»(2* (&l*(Rl-B)-K2*(<2-B))*(o-<2) 
( tsi ^^5* K2*(\2 — 
+ «5 *(2 * B)—K2*(R2-3))*(\1 )  
i t ' 3+-« 5 =7 J - 8 9 r. -
+  ^ = < l*K2*kl*R2)**-.b s^2* (kl*(&l-b)-A2%(R2-b))*(A2 )  +  ^=!=M-•= R 1  ) ) 
CuFkU T  Jur = Cr.KR PkEDlCTED= BFt: 
Negative cooperative model; 
u.' F . < - ( (<- b ) / I i + ( ( i I -A )  /  k )  * b  /  k  )  I  ;  
JcRi!R = I +  j (  4-^ + 3-4-=a 
I — ^ *B 4 )  ) J 
J j fJJT jjr=tDRR PkEÙIircD=3FNcL; 
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SÊ 
.6 X I0I3 
ng 
2 . 2  X  I O I 3  
moles hormone (Ro) x 1000 
B/F intercept 
Miscellaneous calculations 
1. Moles of insulin = 
2. Moles of bGH = 
3. Kd = 
1 
4. Ka = Kd 
5. Receptors/cell = 
moles hormone x 6.022 x 10^3 
cells/ml 
